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Abstract
Let K be a local field whose residue field K is a finite field of characteristic p and
let L/K be a finite totally ramified Galois extension. Fried [3] and Heiermann [5]
defined the “indices of inseparability” of L/K, a refinement of the ramification
data of L/K. We give a method for computing the indices of inseparability of
the extension L/K in terms of the norm group NL/K(L
×) in the case where K
has characteristic p and Gal(L/K) is an elementary abelian p-group with a single
ramification break. In some cases our methods lead to simple formulas for the
indices of inseparability.
1 Introduction
Let K be a local field with finite residue field K and let L/K be a finite separable
extension. The indices of inseparability of L/K were defined by Fried [3] for fields of
characteristic p, and by Heiermann [5] for fields of characteristic 0. The indices of
inseparability of L/K constitute a refinement of the usual ramification data for L/K, as
described for instance in Serre [7, IV], in that the indices of inseparability determine the
ramification data, but the ramification data does not always determine the indices of
inseparability. More precisely, suppose L/K is Galois, with Galois groupG = Gal(L/K).
Then G has a filtration by the lower ramification subgroups G ≥ G0 ≥ G1 ≥ . . . , as
defined in [7, IV §1], and the ramification data of L/K is determined by the sequence
(|Gi|)i≥0. Each ramification subgroup Gi is normal in G, and the quotients Gi/Gi+1
for i ≥ 1 are elementary abelian p-groups. If these quotients are all cyclic then the
ramification data of L/K determines the indices of inseparability, but if there is some
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i ≥ 1 such that the quotient Gi/Gi+1 is not cyclic then the indices of inseparability
cannot be completely determined from the orders of the groups Gi.
Let Kalg be an algebraic closure of K. Class field theory gives a one-to-one cor-
respondence between the set of finite abelian subextensions L/K of Kalg/K and the
set of closed finite-index subgroups H of K×. This correspondence maps the extension
L/K onto the group NL/K(L
×), where NL/K : L → K is the norm map. In principle
it should be possible to determine the indices of inseparability of L/K in terms of the
norm group NL/K(L
×). In fact it is straightforward to compute the ramification data of
L/K in terms of NL/K(L
×) (see for instance Theorem 2 in [7, XV §2]), but extracting
the additional information contained in the indices of inseparability seems to be con-
siderably more difficult. Perhaps this should not be surprising, since the ramification
data of L/K can be defined in terms of the norm NL/K . This is the approach taken by
Fesenko and Vostokov in [2, III §3], but their definition does not extend in any obvious
way to give a general norm-based definition of the indices of inseparability.
In this paper we consider a special case of the problem of determining the indices of
inseparability of an abelian extension in terms of its norm group. In order to isolate the
difficulties involved in passing from the usual ramification data to the refinement given
by the indices of inseparability we restrict our attention to the case of an extension with
a single ramification break. Let L/K be a finite totally ramified abelian extension whose
Galois group G = Gal(L/K) has a single ramification break b ≥ 1. Then G ∼= Gb/Gb+1
is an elementary abelian p-group. Thus if [L : K] > p we are in a situation where
knowledge of the ramification data does not determine the indices of inseparability.
In section 2 we define the indices of inseparability of a finite totally ramified extension
of local fields L/K. In section 3 we give an explicit computation of the norm group
NL/K(L
×) in the case where L/K is an elementary abelian p-extension with a single
ramification break. In section 4 we assume char(K) = p and interpret the results of
section 3 in terms of Artin-Schreier theory. This leads to an algorithm for computing
the indices of inseparability in terms of the Artin-Schreier equations which define L. In
section 5 we use the results of sections 3 and 4 to give explicit formulas for the indices of
inseparability of certain elementary abelian p-extensions in characteristic p. In section
6 we show how the results of section 5 can be extended to apply to some extensions of
local fields of characteristic 0.
The author would like to thank the referee for several suggestions which improved
the exposition, and for an unusually thorough and careful reading of the paper.
2 Ramification and indices of inseparability
In this section we define the ramification data and indices of inseparability for a finite
totally ramified Galois extension of local fields. We then describe how the indices of
inseparability are computed in terms of the ramification data.
Let K be a local field with finite residue field K of characteristic p and let vK be
the normalized valuation on K. Let e = vK(p) be the absolute ramification index of K;
thus e = ∞ if and only if char(K) = p. Let OK = {α ∈ K : vK(α) ≥ 0} be the ring of
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integers of K, let MK be the maximal ideal of OK , and for r ≥ 1 let U
r
K = 1 +M
r
K .
Let L/K be a finite separable totally ramified Galois subextension of Kalg/K of degree
n = apν , with p ∤ a. Also let vp denote the p-adic valuation on Z.
We begin by recalling the definition of the ramification data of L/K. Set G =
Gal(L/K) and let piL be a uniformizer for L. For a nonnegative real number x we define
the xth ramification group of G (with respect to the lower numbering) by
Gx = {σ ∈ G : vL(σ(piL)− piL) ≥ x+ 1}. (2.1)
We easily deduce the following: Gx is a normal subgroup of G which is independent of
the choice of piL; Gx ≤ Gy for y ≤ x; G0 = G; Gx = {1} for all sufficiently large x; and
Gx = Gi, where i = ⌈x⌉ is the smallest integer such that i ≥ x.
Let b ≥ 0. If there is σ ∈ G such that vL(σ(piL)− piL) = b+ 1 then we say that b is
a lower ramification break for G; in this case b must be an integer. This is equivalent
to having b ∈ Z and Gb+1 6= Gb. If b ≥ 1 then there is a group embedding of Gb/Gb+1
into MbL/M
b+1
L which carries σGb+1 onto
σ(piL)− piL
piL
+Mb+1L . Hence Gb/Gb+1 is an
elementary abelian p-group.
We now recall the definition of the indices of inseparability i0, i1, . . . , iν of L/K as
formulated by Fried in the case char(K) = p [3, pp. 232–233] (see also [4, §2]), and
by Heiermann in the case char(K) = 0 [5, §3]. Set q = |K| and let µq−1 denote the
group of q − 1 roots of unity in K. Then R = µq−1 ∪ {0} is the set of Teichmu¨ller
representatives for K; if char(K) = p then R is a subfield of K which can be identified
with the residue field K. Given uniformizers piK , piL for K, L there are unique ch ∈ R
such that piK =
∞∑
h=0
chpi
h+n
L . Let 0 ≤ j ≤ ν and set
ı˜j = min{h ≥ 0 : ch 6= 0, vp(h + n) ≤ j}; (2.2)
if ch = 0 for all h ≥ 0 such that vp(h+ n) ≤ j let ı˜j =∞. Note that since vp(n) = ν we
have ı˜ν = 0 and
ı˜j = min{h ≥ 0 : ch 6= 0, vp(h) ≤ j} (2.3)
for 0 ≤ j < ν. The indices of inseparability of L/K are now defined recursively by
iν = ı˜ν = 0 and ij = min{ı˜j , ij+1 + ne} for j = ν − 1, . . . , 1, 0. Equivalently,
ij = min{ı˜j′ + ne(j
′ − j) : j ≤ j′ ≤ ν}. (2.4)
If char(K) = 0 then ı˜j may depend on the choice of piL (but not on the choice of piK).
Nevertheless, ij is independent of the choice of uniformizers [5, Th. 7.1]. If char(K) = p
then it is easily seen that ij = ı˜j does not depend on the choice of uniformizers. It
follows immediately from the definitions that 0 = iν ≤ iν−1 ≤ · · · ≤ i0. Furthermore, if
vp(ij) = j
′ < j then ij = ij−1 = · · · = ij′.
The connection between the ramification data of the extension L/K and the indices
of inseparability of L/K can be described most easily in terms of the Hasse-Herbrand
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function of L/K, which is defined by
φL/K(x) =
∫ x
0
dt
|G0 : Gt|
(2.5)
for x ≥ 0. Thus φL/K : [0,∞) → [0,∞) is a continuous increasing piecewise linear
function which is differentiable at all positive values except for the lower ramification
breaks of L/K. If x > 0 is not a ramification break then the derivative of φL/K at x
is φ′L/K(x) = |Gx|/n, where n = ap
ν = [L : K] = |G0|. Hence the ramification data of
L/K is encoded in the function φL/K .
One can recover the Hasse-Herbrand function φL/K (and hence the orders of the
ramification subgroups) from the indices of inseparability of L/K by the formula
φL/K(x) =
1
n
·min{ij + p
jx : 0 ≤ j ≤ ν} (2.6)
(see [5, Cor. 6.11]). Let S be one of the segments that make up the graph of φL/K .
It follows from (2.6) that S can be extended to meet the y-axis at (0, ij/n) for some
0 ≤ j ≤ ν. It follows that if L/K has k positive ramification breaks then the graph of
φL/K determines k + 1 indices of inseparability for L/K. In particular, if k = ν then
the ramification data of L/K determines all ν+1 indices of inseparability. The difficult
cases where L/K has fewer than ν positive ramification breaks occur when L/K has
a positive ramification break b such that the elementary abelian p-group Gb/Gb+1 has
rank greater than 1.
3 Abelian extensions with one break
Let K be a local field whose residue field K is a finite field of characteristic p, and let
L/K be a nontrivial totally ramified Galois extension with a single ramification break
b ≥ 1. We assume for simplicity that if char(K) = 0 then p > 2 and p ∤ b. (The
condition p ∤ b is automatic if either char(K) = p or [L : K] > p.) The aim of this
section is to give an explicit computation of the norm group H = NL/K(L
×). In section
4 we will use this computation in the case char(K) = p to get information about the
subgroup of the additive group of K which corresponds to L/K under Artin-Schreier
theory. We note that Monge uses the same methods in Chapter 6 of [6] to compute the
norm groups of certain extensions of local fields of characteristic 0.
Set G = Gal(L/K). Then Gb = G and Gb+1 = {1}, so G ∼= Gb/Gb+1 is an elementary
abelian p-group, say G ∼= (Z/pZ)ν with ν ≥ 1. It follows from (2.5) that the graph of
the function φL/K(x) consists of a line segment of slope 1 from (0, 0) to (b, b) and a ray
of slope p−ν starting at (b, b). Hence by (2.6) we have ij ≥ bp
ν − bpj for 0 ≤ j ≤ ν, with
equality for j = 0 and j = ν.
Let EK(X) =
∏
p∤c (1 − X
c)−µ(c)/c ∈ OK [[X ]] denote the Artin-Hasse exponential
series (cf. [1, III §1]), where µ is the Mo¨bius function. Of course, EK(X) depends only
on p and on the characteristic of K: If char(K) = p then EK(X) = Ep(X) ∈ Fp[[X ]],
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while if char(K) = 0 then EK(X) = E0(X) ∈ Zp[[X ]]. Since EK(X) = 1+X + . . . , the
norm group of L/K can be described in terms of this series:
Proposition 3.1 Let piL be a uniformizer for L. The subgroup H = NL/K(L
×) of K×
is generated by U b+1K , (K
×)p, NL/K(piL), and the set
{NL/K(EK(rpi
k
L)) : r ∈ R, 1 ≤ k ≤ b, p ∤ k}. (3.1)
Proof: Since b is the only lower ramification break of L/K, it follows from [7, V §6,
Cor. 3] that NL/K(U
b+1
L ) = U
b+1
K . Since K
×/H ∼= G is killed by p we have H ⊃ (K×)p,
so H contains all the listed elements. Since p ∤ b the group L× is generated by U b+1L ,
(L×)p, piL, and the set
{EK(rpi
k
L) : r ∈ R, 1 ≤ k ≤ b, p ∤ k}. (3.2)
Therefore H is generated by the listed elements. 
Let piL be a uniformizer of L and let
g(X) = Xp
ν
+ a1X
pν−1 + · · ·+ apν−1X + apν (3.3)
be the minimum polynomial for piL over K. For 0 ≤ j ≤ ν define
ı̂j = min{p
νvK(ak)− k : 1 ≤ k ≤ p
ν , vp(k) ≤ j}. (3.4)
Then by [5, Prop. 3.12] we have
ij = min{̂ıj′ + p
νe(j′ − j) : j ≤ j′ ≤ ν} (3.5)
(cf. (2.4)). In particular, if char(K) = p then ij = ı̂j . Set t = NL/K(piL); then t is a
uniformizer for K, and it follows from our assumptions that t = (−1)p
ν
apν = −apν . For
k ≥ 1 write k = k0+k1p
ν with 1 ≤ k0 ≤ p
ν and define ak = t
k1ak0 . Since i0 = p
νb−b and
p ∤ b, by (3.5) we have i0 = ı̂0. By (3.4) we get vK(ab0) = b− b1, and hence vK(ab) = b.
Recall that R = µq−1∪{0} is the set of Teichmu¨ller representatives of K. There are
unique ci,h ∈ R such that ai =
∞∑
h=1
ci,ht
h. It follows from (3.4) that for 0 ≤ j ≤ ν we
have
ı̂j = min{hp
ν − i : 1 ≤ i ≤ pν , vp(i) ≤ j, h ≥ 1, ci,h 6= 0}. (3.6)
Since ai+pν = tai we see that ci,h depends only on the value of hp
ν − i. It follows that
ı̂j = min{hp
ν − i : i ≥ 1, vp(i) ≤ j, h ≥ 1, ci,h 6= 0}. (3.7)
Using the fact that bpν − bpj ≤ ij ≤ i0 = bp
ν − b we get
ı̂j = min{bp
ν − i : b ≤ i ≤ bpj , vp(i) ≤ j, ci,b 6= 0}. (3.8)
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For k ≥ 1 such that p ∤ k set
gk(X) = (−1)
k+1
∏
ζk=1
g(ζX1/k), (3.9)
where the product is taken over the kth roots of unity ζ ∈ Kalg. Then gk(X) is a
monic polynomial of degree pν with coefficients in OK whose roots are the kth powers
of the roots of g(X). For r ∈ R set hrk(X) = −r
pν · gk(−r
−1(X − 1)). Then hrk(X) is
a polynomial of degree pν with coefficients in OK whose multiset of roots is {1 − rω
k :
g(ω) = 0}. Since we are assuming either char(K) = p or p > 2 we see that hrk(X) is
monic and
NL/K(1− rpi
k
L) = −h
r
k(0) = r
pν · gk(r
−1). (3.10)
Lemma 3.2 For i ≥ 1 we have vK(ai) ≥ fi, where fi =
⌈
b−
pvp(i)b− i
pν
⌉
.
Proof: Let j = vp(i). If j ≥ ν then ai = −t
i/pν and the claim is obvious. If j < ν then
we may assume 1 ≤ i ≤ pν . It follows from (3.4) and the inequality ı̂j ≥ ij ≥ bp
ν − bpj
that
vK(ai) ≥ p
−ν (̂ıj + i) ≥ b− bp
j−ν + p−νi. (3.11)
Hence vK(ai) ≥ fi in this case as well. 
Let g˜(X) = a1X
pν−1 + · · ·+ apν−1X ; then g(X) = X
pν + g˜(X)− t. Choose s ∈ Kalg
such that sk = r. It follows from (3.9) and (3.10) that
NL/K(1− rpi
k
L) = (−1)
k+1rp
ν
·
∏
ζk=1
(ζp
ν
s−p
ν
− t+ g˜(ζs−1))
 . (3.12)
By Lemma 3.2 we have vK(ai) ≥ ⌈(1− p
−1)b⌉ for 1 ≤ i ≤ pν − 1. Since 2⌈(1− p−1)b⌉ ≥
b+ 1 we get the following congruences modulo Mb+1K :
NL/K(1− rpi
k
L) ≡ (−1)
k+1rp
ν
·
∏
ζk=1
(ζp
ν
s−p
ν
− t)
 ·
1 +∑
ζk=1
g˜(ζs−1)
ζpνs−pν − t
 (3.13)
≡ (1− rp
ν
tk) ·
1 +∑
ζk=1
ζ−p
ν
sp
ν
g˜(ζs−1)
1− tspνζ−pν
 (3.14)
≡ (1− rp
ν
tk) ·
1 +∑
ζk=1
pν−1∑
i=1
∞∑
j=0
tjaiζ
−jpν−isjp
ν+i
 . (3.15)
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Since
∑
ζk=1 ζ
−jpν−i equals k if k | jpν + i, and 0 otherwise, we get the following con-
gruences modulo Mb+1K :
NL/K(1− rpi
k
L) ≡ (1− r
pνtk) ·
1 + k · ∞∑
j=0
∑
0<i<pν
k|jpν+i
tjais
jpν+i
 (3.16)
≡ (1− rp
ν
tk) ·
1 + k ·∑
k|m
pν ∤m
amr
m/k
 (3.17)
≡ (1− rp
ν
tk) ·
1 + k ·∑
pν ∤l
alkr
l
 . (3.18)
In order to apply Proposition 3.1 we express our norm computations in terms of the
Artin-Hasse exponential:
NL/K(EK(rpi
k
L)) =
∏
p∤c
NL/K(1− r
cpickL )
−µ(c)/c (3.19)
≡
∏
p∤c
(1− rcp
ν
tck)−µ(c)/c ·
∏
p∤c
1 + ck ·∑
pν ∤l
alckr
lc
−µ(c)/c (3.20)
≡ EK(r
pν tk) ·
1− k ·∑
p∤c
∑
pν ∤l
µ(c)alckr
lc
 , (3.21)
with all congruences modulo Mb+1K . By setting m = lc we get
NL/K(EK(rpi
k
L)) ≡ EK(r
pνtk) ·
1− k ·∑
p∤c
∑
c|m
pν ∤m
µ(c)amkr
m
 (3.22)
≡ EK(r
pνtk) ·
1− k ·∑
pν ∤m
amkr
m
∑
c|m
p∤c
µ(c)
 (3.23)
≡ EK(r
pνtk) ·
(
1− k ·
ν−1∑
j=0
akpjr
pj
)
(3.24)
≡ EK(r
pνtk) · EK
(
−k ·
ν−1∑
j=0
akpjr
pj
)
. (3.25)
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For 1 ≤ k ≤ b and 0 ≤ j ≤ ν − 1 define
Skj = {h ∈ Z : fkpj ≤ h ≤ b}. (3.26)
Using the expansion ai =
∞∑
h=1
ci,ht
h we can rewrite (3.25) in the form
NL/K(EK(rpi
k
L)) ≡ EK(r
pν tk) · EK
−k · ν−1∑
j=0
∑
h∈Skj
ckpj,hr
pjth
 (3.27)
≡ EK(r
pν tk) ·
ν−1∏
j=0
∏
h∈Skj
EK(−kckpj ,hr
pjth). (3.28)
As before all congruences are taken modulo Mb+1K .
4 Artin-Schreier theory
Let K be a local field of characteristic p with finite residue field K, and let L/K be a
finite totally ramified Galois extension with a single ramification break b ≥ 1. As above
piL is a uniformizer for L and t = NL/K(piL) is a uniformizer for K. In this section we
interpret the norm computations from section 3 in terms of Artin-Schreier theory.
Let Kab/K denote the maximum abelian subextension of Kalg/K. For η ∈ K× let
ση denote the element of Gal(K
ab/K) that corresponds to η under class field theory.
For each β ∈ K let ρβ ∈ K
alg be a root of the polynomial Xp−X − β. Then ρβ ∈ K
ab,
so we can set [β, η)K = ση(ρβ) − ρβ. This construction is independent of the choice of
ρβ and defines a bilinear pairing
[ , )K : K ×K
× −→ Fp. (4.1)
Let ℘ : K → K denote the Artin-Schreier operator ℘(x) = xp − x. Then the kernel of
[ , )K on the left is ℘K, and the kernel of [ , )K on the right is (K
×)p. Let ΩK = K dt
denote the module of Ka¨hler differentials of K, and for ω ∈ ΩK let Res(ω) denote the
residue of ω at 0. By Schmid’s theorem [7, XIV §5, Prop. 15] the pairing (4.1) can be
computed in terms of the trace map TrK/Fp : K → Fp using the formula
[β, η)K = TrK/Fp
(
Res
(
β
dη
η
))
. (4.2)
Let B denote the subgroup of the additive group of K which corresponds under
Artin-Schreier theory to the (Z/pZ)ν-extension L/K:
B = {β ∈ K : Xp −X − β splits over L}. (4.3)
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Recall that H = NL/K(L
×) is the subgroup of K× that corresponds to L/K under
class field theory. The groups B and H are orthogonal complements of each other with
respect to [ , )K :
H =
{
η ∈ K× : [β, η)K = 0 for all β ∈ B
}
(4.4)
B = {β ∈ K : [β, η)K = 0 for all η ∈ H} . (4.5)
We need the following lemma regarding the Artin-Hasse exponential series Ep(X) ∈
Fp[[X ]]:
Lemma 4.1 We have E ′p(X) = Ep(X) ·
λ(X)
X
, with λ(X) = X +Xp +Xp
2
+ · · · .
Proof: Recall that E0(X) ∈ Zp[[X ]] is the Artin-Hasse series in characteristic 0. By [1,
p. 52] we have
E0(X) = exp
(
X +
1
p
Xp +
1
p2
Xp
2
+ · · ·
)
, (4.6)
where exp(X) is the usual exponential series. By taking the formal derivative of this
equation we get
E ′0(X) = E0(X) ·
λ(X)
X
. (4.7)
Since Ep(X) is the image of E0(X) under the canonical map γ : Zp[[X ]]→ Fp[[X ]], the
lemma follows by applying γ to (4.7). 
Using Lemma 4.1 we see that for α ∈ MK we have
dEp(α)
Ep(α)
=
E ′p(α)α
′ dt
Ep(α)
=
λ(α)α′ dt
α
, (4.8)
where α′ denotes the formal derivative of α with respect to t. By applying this formula
to (3.28) we get
dNL/K(Ep(rpi
k
L)))
NL/K(Ep(rpikL)))
≡ kλ(rp
ν
tk)
dt
t
+
ν−1∑
j=0
∑
h∈Skj
hλ(−kckpj ,hr
pjth)
dt
t
(mod MbK dt). (4.9)
Let K0 be a subgroup of the additive group of K which is a complement of ℘K; then
K0 is cyclic of order p. Define
K0 = {x0+x1t
−1+· · ·+xst
−s ∈ K : s ≥ 0, x0 ∈ K0, xi ∈ K, xpi = 0 for i ≥ 1}. (4.10)
Also define B0 = B ∩ K0. Then K = K0 ⊕ ℘K and B = B0 ⊕ ℘K, so B/℘K ∼= B0.
Let ξ = x0 + x1t
−1 + · · ·+ xbt
−b be an element of K0 ∩M
−b
K . We wish to determine the
conditions that x0, x1, . . . , xb must satisfy for ξ to lie in B0. Since B0 ⊂ K0 ∩M
−b
K , this
will give a characterization of B0, and hence of B.
Since B is the orthogonal complement of H with respect to [ , )K we have ξ ∈ B0 if
and only if [ξ, η)K = 0 for all η ∈ H . Since vK(ξ) ≥ −b, by (4.2) we have [ξ, η)K = 0 for
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all η ∈ U b+1K . Hence by Proposition 3.1 we see that ξ ∈ B0 if and only if [ξ, t)K = 0 and
[ξ,NL/K(Ep(rpi
k
L)))K = 0 for all r ∈ K and all k such that 1 ≤ k ≤ b and p ∤ k. Using
(4.2) we deduce that ξ ∈ B0 if and only if TrK/Fp(x0) = 0 and
TrK/Fp
(
Res
(
ξ ·
dNL/K(Ep(rpi
k
L))
NL/K(Ep(rpi
k
L))
))
= 0 (4.11)
for all r ∈ K and all 1 ≤ k ≤ b such that p ∤ k. Since x0 ∈ K0 and ℘K = ker(TrK/Fp),
we have TrK/Fp(x0) = 0 if and only if x0 = 0. Using (4.9) we see that (4.11) is equivalent
to
TrK/Fp
xkrpν − ν−1∑
j=0
∑
h∈Skj
hckpj ,hxhr
pj
 = 0. (4.12)
Set m = [K : Fp] and let τ be the Frobenius automorphism of K. Then
Gal(K/Fp) = {τ
0, τ 1, . . . , τm−1}, (4.13)
and we can rewrite (4.12) in the form
m−1∑
i=0
xp
i
k τ
i+ν(r) =
m−1∑
i=0
ν−1∑
j=0
∑
h∈Skj
hcp
i
kpj ,hx
pi
h τ
i+j(r). (4.14)
Since (4.14) holds for all r ∈ K we get
m−1∑
i=0
xp
i
k τ
i+ν =
m−1∑
i=0
ν−1∑
j=0
∑
h∈Skj
hcp
i
kpj ,hx
pi
h τ
i+j . (4.15)
Since τu = τ v if and only if u ≡ v (mod m) this implies
m−1∑
i=0
xp
i−ν
k τ
i =
m−1∑
i=0
ν−1∑
j=0
∑
h∈Skj
hcp
i−j
kpj ,h
xp
i−j
h τ
i. (4.16)
It follows from the K-independence of τ 0, τ 1, . . . , τm−1 that (4.16) holds if and only if
xk =
ν−1∑
j=0
∑
h∈Skj
hcp
ν−j
kpj ,hx
pν−j
h . (4.17)
Let V denote the subgroup of K such that B0 +M
−b+1
K = V t
−b +M−b+1K . Since
fbpj = b we have Sbj = {b} for 0 ≤ j ≤ ν − 1. Hence by (4.17) every element of V is a
root of the polynomial
q(X) = X −
ν−1∑
j=0
bcp
ν−j
bpj ,bX
pν−j . (4.18)
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Since the only ramification break of L/K is b we have V ∼= B0 ∼= (Z/pZ)
ν . Hence V
is equal to the set of roots of q(X). Let ψ : V → B0 be the inverse of the projection
of B0 onto V . Then for each xb ∈ V there are uniquely determined xj ∈ K such that
ψ(xb) = x1t
−1+x2t
−2+ · · ·+xbt
−b, with xi = 0 for p | i. For each k the map ψk : V → K
which takes xb to xk is a group homomorphism.
Since the maps φi : V → K defined by φi(x) = x
pi for 1 ≤ i ≤ ν are linearly
independent over K, they form a basis for the K-vector space of homomorphisms from
V to K. It follows that for 0 ≤ k ≤ b there are uniquely determined wjk ∈ K such that
ψk(xb) = w0kx
pν
b + w1kx
pν−1
b + · · ·+ wν−1,kx
p
b (4.19)
By setting wj = wj1t
−1 + wj2t
−2 + · · ·+ wjbt
−b we get
ψ(xb) = w0x
pν
b + w1x
pν−1
b + · · ·+ wν−1x
p
b (4.20)
for all xb ∈ V . Hence
B0 = {w0x
pν
b + w1x
pν−1
b + · · ·+ wν−1x
p
b : xb ∈ V }. (4.21)
Of course we have vK(wj) ≥ −b, and vK(wj) ≤ −1 if wj 6= 0. In addition, since
ı̂0 = i0 = bp
ν − b, it follows from (3.8) that cb,b 6= 0. Hence vK(w0) = −b.
The maps ψk can be determined inductively using (4.17). In fact the computations in
this section can be used to derive an algorithm for computing the indices of inseparability
of the extension L/K in terms of the norm group H = NL/K(L
×):
Algorithm 4.2 Given H , use (4.2) and (4.5) to determine B and B0 = B ∩K0. For
each k such that 1 ≤ k ≤ b we get the map ψk : V → K, from which we obtain wjk ∈ K
satisfying (4.19). Use reverse induction on k to determine ckpj ,b for all k, j such that
0 ≤ k ≤ b, p ∤ k, and 1 ≤ j ≤ ν − 1: For the base case note that since V is equal to the
set of roots of q(X), equation (4.18) determines cbpj ,b for all j. Now let 1 ≤ k < b be
such that p ∤ k and assume that we have computed crpj ,b for all j, r such that k < r ≤ b
and p ∤ r. If h ∈ Skj and h < b then kp
j < kpj +(b−h)pν < bpj, so ckpj,h = ckpj+(b−h)pν ,b
has been determined. Hence (4.17) can be used to compute ckpj,b for 0 ≤ j ≤ ν − 1.
Once all the ckpj,b have been found use (3.8) to compute the indices of inseparability of
L/K; since ij ≥ bp
ν − bpj this computation does not depend on ckpj,b for k > b.
5 Some explicit formulas
In this section we continue to assume that K is a local field of characteristic p with finite
residue field K, and that L/K is a totally ramified elementary abelian p-extension of
degree pν with a single ramification break b ≥ 1. We use the results of sections 3 and 4
to prove theorems which relate the indices of inseparability of L/K to the description
of L/K in terms of Artin-Schreier theory. Our approach is to use (4.17), (4.21), and
(3.8) to get relations between the K-valuations of w0, w1, . . . , wν−1 and the indices of
inseparability i0, i1, . . . , iν . In some cases we are able to derive explicit formulas for ij
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in terms of the valuations of the wi. We then use Schmid’s formula (4.2) to translate
theorems expressed in terms of Artin-Schreier theory into theorems expressed in terms
of local class field theory. We remark that although B0 and w0, w1, . . . , wν−1 depend on
t, and hence on the choice of piL, the results of this section do not, of course, depend on
this choice.
Theorem 5.1 Let L/K be a totally ramified (Z/pZ)ν-extension with a single ramifica-
tion break b satisfying 1 ≤ b ≤ p− 1. Then for 0 ≤ j ≤ ν − 1 we have
ij = bp
ν +min{pj
′
vK(wj′) : 0 ≤ j
′ ≤ j}. (5.1)
Proof: Since b < p we have Skj = {b} for 1 ≤ k ≤ b and 0 ≤ j ≤ ν − 1. Hence for
1 ≤ k ≤ b formula (4.17) simplifies to
ψk(xb) =
ν−1∑
j=0
bcp
ν−j
kpj ,b
xp
ν−j
b . (5.2)
Comparing this with (4.19) and (4.20) we get
wj =
b∑
k=1
bcp
ν−j
kpj ,b
t−k (5.3)
for 0 ≤ j ≤ ν − 1.
We now prove our claim by induction on j. Since i0 = bp
ν − b and vK(w0) = −b the
claim holds for j = 0. Let 1 ≤ j ≤ ν − 1 and assume that the claim holds for j − 1.
Suppose wj = 0. Then ckpj ,b = 0 for 1 ≤ k ≤ b. Since b < p and ij−1 ≥ bp
ν − bpj−1, by
(3.8) we get ij = ij−1. We also have
min{pj
′
vK(wj′) : 0 ≤ j
′ ≤ j} = min{pj
′
vK(wj′) : 0 ≤ j
′ ≤ j − 1}. (5.4)
Therefore the claim for j follows from the claim for j − 1 in this case. If wj 6= 0 then
vK(wj) = −k for some k such that 1 ≤ k ≤ b. Since b < p this implies that the right
side of (5.1) is equal to bpν − kpj . By (5.3) we have ckpj,b 6= 0 and clpj ,b = 0 for all l such
that k < l ≤ b. Since ij−1 ≥ bp
ν − bpj−1 it follows from (3.8) that ij = bp
ν − kpj . Hence
the claim holds for j. 
Although there does not seem to be a simple formula for the indices of inseparability
similar to Theorem 5.1 which is valid for all b, it is possible to get some information
about ij in the general case. Let Fpν denote the unique subfield of K
alg
with pν elements.
Lemma 5.2 Let L/K be a totally ramified (Z/pZ)ν-extension with a single ramification
break b ≥ 1, and let 0 ≤ k ≤ b− 1. Then the following are equivalent:
1. Fpν ⊂ K and B0 +M
−k
K is an Fpν -subspace of M
−b
K .
2. wj ∈M
−k
K for 1 ≤ j ≤ ν − 1.
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Proof: Suppose condition 2 holds for k. Then wjb = 0 for 1 ≤ j ≤ ν − 1, so we have
xb = ψb(xb) = w0bx
pν
b . Since V ⊂ K is the set of solutions to this equation we deduce
that Fpν ⊂ K and V is a vector space over Fpν . Furthermore, by (4.21) we have
B0 +M
−k
K = {w0x
pν
b : xb ∈ V }+M
−k
K , (5.5)
so B0 +M
−k
K is an Fpν -subspace of M
−b
K . Conversely, if condition 1 holds for k then V
is a vector space over Fpν , and for every c ∈ Fpν and xb ∈ V we have
ψ(cxb) ≡ cψ(xb) (mod M
−b+1
K ). (5.6)
Since (B0 +M
−k
K )/M
−k
K is a one-dimensional vector space over Fpν this implies
ψ(cxb) ≡ cψ(xb) (mod M
−k
K ). (5.7)
It follows that ψi(cxb) = cψi(xb) for k < i ≤ b, so we have wji = 0 for 1 ≤ j ≤ ν− 1 and
k < i ≤ b. Therefore condition 2 holds for k. 
Theorem 5.3 Let L/K be a totally ramified (Z/pZ)ν-extension with a single ramifica-
tion break b ≥ 1, and let k be an integer such that ⌈b/p⌉ ≤ k ≤ b−1. Then the following
are equivalent:
1. ij ≥ bp
ν − kpj for 1 ≤ j ≤ ν − 1.
2. Fpν ⊂ K and B0 +M
−k
K is an Fpν -subspace of M
−b
K .
3. wj ∈M
−k
K for 1 ≤ j ≤ ν − 1.
Proof: The equivalence of conditions 2 and 3 follows from Lemma 5.2. To prove the
equivalence of conditions 1 and 3 we use reverse induction on k. By (3.8) we see that
condition 1 holds for k = b−1 if and only if cbpj ,b = 0 for 1 ≤ j ≤ ν−1. Using (4.18) we
see that this is equivalent to q(X) = X − cp
ν
b,bX
pν , which holds if and only if condition 3
holds for k = b − 1. This proves the base case. Now let ⌈b/p⌉ < r ≤ b − 1 and assume
that the theorem holds for k = r. If p | r then condition 3 holds for k = r if and only if
condition 3 holds for k = r − 1, and condition 1 holds for k = r if and only if condition
1 holds for k = r − 1 (since pj+1 ∤ ij). Hence the theorem holds for k = r − 1 in this
case. From now on we assume that the theorem holds for k = r with ⌈b/p⌉ < r ≤ b− 1
and p ∤ r.
Suppose condition 1 holds for k = r − 1. Then by (3.7) we see that crpj ,h = 0 for all
(j, h) such that 1 ≤ j ≤ ν − 1 and 1 ≤ h ≤ b. Hence by (4.17) we have
ψr(xb) =
∑
h∈Sr0
hcp
ν
r,hψh(xb)
pν . (5.8)
Since condition 1 holds for k = r−1 it also holds for k = r. It follows from the inductive
assumption that condition 3 holds for k = r. Hence for every h such that r < h ≤ b we
have ψh(xb) = w0hx
pν
b for all xb ∈ V . In particular, xb = w0bx
pν
b with w0b 6= 0. It follows
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that ψh(xb) = w0hw
−1
0b xb for r < h ≤ b. Since r < b, every h ∈ Sr0 satisfies r < h ≤ b.
Hence by (5.8) we have
ψr(xb) =
∑
h∈Sr0
hcp
ν
r,hw
pν
0hw
−pν
0b x
pν
b . (5.9)
Since vK(wj) ≥ −r for 1 ≤ j ≤ ν− 1, and (5.9) expresses ψr(xb) as a K-multiple of x
pν
b ,
we deduce that vK(wj) ≥ −r + 1 for 1 ≤ j ≤ ν − 1. Therefore condition 3 holds for
k = r − 1.
Assume conversely that condition 3 holds for k = r− 1. Then condition 3 also holds
for k = r, so by the inductive assumption, condition 1 holds for k = r. It follows from
(3.7) that crpj ,h = 0 for all (j, h) such that 1 ≤ j ≤ ν − 1 and 1 ≤ h < b. Therefore by
(4.17) we get
ψr(xb) =
ν−1∑
j=1
bcp
ν−j
rpj ,bx
pν−j
b +
∑
h∈Sr0
hcp
ν
r,hψh(xb)
pν . (5.10)
As in the preceding paragraph we have ψh(xb) = w0hw
−1
0b xb for every h ∈ Sr0. Hence
ψr(xb) =
ν−1∑
j=1
bcp
ν−j
rpj ,b
xp
ν−j
b +
∑
h∈Sr0
hcp
ν
r,hw
pν
0hw
−pν
0b x
pν
b . (5.11)
It follows from (4.19) that wjr = bc
pν−j
rpj ,b
for 1 ≤ j ≤ ν − 1. Hence by condition 3 for
k = r − 1 we get crpj ,b = 0 for 1 ≤ j ≤ ν − 1. Suppose condition 1 does not hold for
k = r − 1, and let 1 ≤ j ≤ ν − 1 be minimum such that ij < bp
ν − (r − 1)pj. Since
r − 1 ≥ b/p we have i1 < i0, and for 2 ≤ j ≤ ν − 1 we have ij < ij−1 by the minimality
of j. Hence pj | ij for 1 ≤ j ≤ ν − 1. Since condition 1 holds for r it follows that
ij = bp
ν − rpj . By (3.8) this implies crpj ,b 6= 0, a contradiction. Hence condition 1 holds
for k = r − 1. 
Corollary 5.4 Let L/K be a totally ramified (Z/pZ)ν-extension with a single ramifica-
tion break b such that b ≥ 2 and Fpν is not contained in K. Then there is at least one
1 ≤ j ≤ ν − 1 such that ij = bp
ν − bpj.
Proof: Since Fpν is not contained in K, condition 2 in Theorem 5.3 does not hold for
k = b− 1. Since b ≥ 2 we have b− 1 ≥ ⌈b/p⌉, so condition 1 also fails for k = b− 1. Let
1 ≤ j ≤ ν−1 be minimum such that ij < bp
ν−(b−1)pj . As in the proof of Theorem 5.3
we get pj | ij . Since we also have ij ≥ bp
ν − bpj we conclude that ij = bp
ν − bpj . 
Corollary 5.5 Let L/K be a totally ramified (Z/pZ)2-extension with a single ramifica-
tion break b ≥ 1. Then
i1 = bp
2 +min{vK(w0), pvK(w1)} (5.12)
= bp2 +min{−b, pvK(w1)}. (5.13)
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Proof: Set l = −vK(w1) and d = ⌈b/p⌉. If d+ 1 ≤ l ≤ b then by Theorem 5.3 we have
bp2 − lp ≤ i1 < bp
2 − (l − 1)p < bp2 − b = i0. (5.14)
Since i1 < i0 we have p | i1, and hence i1 = bp
2 − lp. If l ≤ d then the conditions of
Theorem 5.3 hold for k = d, so we have i1 ≥ bp
2− dp. Furthermore, (5.11) is valid with
ν = 2 and r = d, so w1d = bc
p
dp,b. If l = d we get cdp,b 6= 0, and hence i1 = bp
2 − dp
by (3.8), while if l < d then cdp,b = 0, and hence i1 = bp
2 − b. We conclude that
i1 = bp
2 +min{−b, pvK(w1)} in every case. 
The power series Ep(X) induces a bijection fromMK onto U
1
K . Let ΛK : U
1
K →MK
denote the inverse of this bijection. Recall that H = NL/K(L
×) is the subgroup of K×
which corresponds to L/K under class field theory.
Lemma 5.6 Suppose i ≥ ⌈b/p⌉. Then ΛK(H ∩U
i
K) is a subgroup of the additive group
of MK.
Proof: By equation (6) in [1, p. 52], for α1, α2 ∈M
i
K we have
Ep(α1 + α2) ≡ Ep(α1)Ep(α2) (mod M
pi
K). (5.15)
Since Ep(M
i
K) = U
i
K , it follows that
ΛK(u1u2) ≡ ΛK(u1) + ΛK(u2) (mod M
pi
K) (5.16)
for u1, u2 ∈ U
i
K . Since pi ≥ b + 1 we have U
pi
K ⊂ U
b+1
K ⊂ H , and hence M
pi
K ⊂
ΛK(H ∩ U
i
K). Thus ΛK(H ∩ U
i
K) is a subgroup of MK . 
Lemma 5.7 Let α ∈MiK with i ≥ ⌈b/p⌉. Then for every β ∈M
−b
K and ζ ∈ K we have
[ζβ, Ep(α))K = [β, Ep(ζα))K. (5.17)
Proof: Since pi− 1 ≥ b it follows from (4.8) that
dEp(α)
Ep(α)
≡ α′ dt (mod MbK dt) (5.18)
dEp(ζα)
Ep(ζα)
≡ ζα′ dt (mod MbK dt). (5.19)
The lemma now follows from Schmid’s formula (4.2). 
Theorem 5.8 Let k ≥ ⌈b/p⌉ − 1. Then ΛK(H ∩ U
k+1
K ) is an Fpν -subspace of MK if
and only if B0 +M
−k
K is an Fpν -subspace of K.
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Proof: If Fpν is not contained in K then neither ΛK(H∩U
k+1
K ) nor B0+M
−k
K is a vector
space over Fpν . If Fpν ⊂ K and k ≥ b then ΛK(H∩U
k+1
K ) =M
k+1
K and B0+M
−k
K =M
−k
K
are both vector spaces over Fpν . Hence we may assume Fpν ⊂ K and k ≤ b− 1.
Suppose B0+M
−k
K is an Fpν -subspace ofK. By Lemma 5.6 we see that ΛK(H∩U
k+1
K )
is a subgroup ofMK . We need to show that ΛK(H∩U
k+1
K ) is stable under multiplication
by elements of Fpν . Let β ∈ B0+M
−k
K and η ∈ H∩U
k+1
K . Then η = Ep(α) for a uniquely
determined α ∈Mk+1K . For ζ ∈ Fpν we have ζβ ∈ B0 +M
−k
K . Since
[B0, H)K = [M
−k
K , U
k+1
K )K = 0, (5.20)
by Lemma 5.7 we get [β, Ep(ζα))K = 0. Hence Ep(ζα) lies in the orthogonal complement
of B0 +M
−k
K with respect to [ , )K . Since B = B0 ⊕ ℘K, the orthogonal complement
of B0 is equal to the orthogonal complement of B, which is H . Since we also have
Ep(ζα) ∈ U
k+1
K we get Ep(ζα) ∈ H ∩U
k+1
K . Hence ζα ∈ ΛK(H ∩U
k+1
K ) for all ζ ∈ K, so
ΛK(H ∩ U
k+1
K ) is an Fpν -subspace of MK .
Conversely, suppose that ΛK(H ∩ U
k+1
K ) is an Fpν -subspace of MK . Then for every
η = Ep(α) in H ∩ U
k+1
K and every ζ ∈ Fpν we have Ep(ζα) ∈ H ∩ U
k+1
K . Therefore by
Lemma 5.7 we have
[ζβ, Ep(α))K = [β, Ep(ζα))K = 0 (5.21)
for every β ∈ B0. Hence ζβ lies in the orthogonal complement of H ∩ U
k+1
K . Since H
and Uk+1K (K
×)p are closed finite-index subgroups of K× we have
(H ∩ Uk+1K )
⊥ = ((H ∩ Uk+1K )(K
×)p)⊥ (5.22)
= (H ∩ (Uk+1K (K
×)p))⊥ (5.23)
= H⊥ + (Uk+1K (K
×)p)⊥ (5.24)
= B0 +M
−k
K + ℘K. (5.25)
Since we also have ζβ ∈ (K0 ∩M
−b
K ) +K we get
ζβ ∈ (B0 +M
−k
K + ℘K) ∩ ((K0 ∩M
−b
K ) +K) ⊂ B0 +M
−k
K . (5.26)
It follows that B0 +M
−k
K is an Fpν -subspace of K. 
By combining Theorem 5.8 with Theorem 5.3 we get the following result:
Corollary 5.9 Let L/K be a totally ramified (Z/pZ)ν-extension with a single ramifica-
tion break b ≥ 1 and let k be an integer such that ⌈b/p⌉ ≤ k ≤ b− 1. Then the following
are equivalent:
1. ij ≥ bp
ν − kpj for 1 ≤ j ≤ ν − 1.
2. Fpν ⊂ K and ΛK(H ∩ U
k+1
K ) is an Fpν -subspace of MK.
We also have the following reformulation of Corollary 5.5:
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Corollary 5.10 Let L/K be a totally ramified (Z/pZ)2-extension with a single ramifi-
cation break b ≥ 1. If Fp2 6⊂ K let k = b; otherwise let k be the smallest nonnegative
integer such that ΛK(H ∩U
k+1
K ) is an Fp2-subspace of MK. Then i1 = p
2b−max{b, pk}.
Proof: If Fp2 6⊂ K then B0 +M
−b+1
K is not a vector space over Fp2, so vK(w1) = −b by
Lemma 5.2. Hence by Corollary 5.5 we have i1 = bp
2 − bp. If Fp2 ⊂ K set d = ⌈b/p⌉. If
k ≥ d then by Theorem 5.8 we see that k is the smallest nonnegative integer such that
B0 +M
−k
K is an Fp2-subspace of M
−b
K . Hence by Lemma 5.2 we have vK(w1) = −k, so
by Corollary 5.5 we get i1 = p
2b − pk. If k < d then ΛK(H ∩ U
d
K) is an Fp2-subspace
of MK . Hence by Theorem 5.8 we see that B0 +M
−d+1
K is an Fp2-subspace of M
−b
K .
Hence vK(w1) ≥ −d + 1, so by Corollary 5.5 we have i1 = p
2b − b. We conclude that
i1 = p
2b−max{b, pk} in every case. 
6 The case char(K) = 0
In this section we show how to extend the results of the previous section to apply to
certain extensions of local fields of characteristic 0. Let K be a finite extension of the
p-adic field Qp and set e = vK(p). Let L/K be a totally ramified Galois extension with
a single ramification break b such that 1 ≤ b < e. Then Gal(L/K) ∼= (Z/pZ)ν for some
ν ≥ 1.
Let piK , piL be uniformizers for K, L and recall that R denotes the set of Teichmu¨ller
representatives for K. Choose ch ∈ R such that piK =
∞∑
h=0
chpi
h+pν
L and let ch denote the
image of ch in K. Since K
′ = K((T )) is a local field of characteristic p with residue field
K, by [5, Th. 2.2] there is a totally ramified extension L′/K ′ and a uniformizer piL′ for
L′ such that T =
∞∑
h=0
chpi
h+pν
L′ .
For 0 ≤ j ≤ ν − 1 the inequalities ij+1 ≥ bp
ν − bpj+1 and ij ≤ i0 = bp
ν − b imply
that ij − ij+1 ≤ bp
j+1 − b < epν . Hence ij = ı˜j for 0 ≤ j ≤ ν. Since ch = 0 if and only
if ch = 0, this implies that the extension L
′/K ′ has the same indices of inseparability
as L/K. It follows that L′/K ′ has the same ramification data as L/K, so L′/K ′ has a
single ramification break b. It can be shown using [5, Prop. 6.3b] that L′/K ′ is Galois.
Hence Gal(L′/K ′) ∼= (Z/pZ)ν , so the results of section 5 apply to L′/K ′. Since b+1 ≤ e
there is an isomorphism
ρ : OL/M
(b+1)pν
L −→ OL′/M
(b+1)pν
L′ (6.1)
of K-algebras such that ρ(piL +M
(b+1)pν
L ) = piL′ +M
(b+1)pν
L′ . It follows from the series
expressions for piK and T that ρ(piK +M
(b+1)pν
L ) = T +M
(b+1)pν
L′ . Set H = NL/K(L
×)
and H ′ = NL′/K ′((L
′)×). Let H˜ denote the image of NL/K(O
×
L ) in
(OK/M
b+1
K )
× ∼= O×K/U
b+1
K (6.2)
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and let H˜ ′ denote the image of NL′/K ′(O
×
L′) in
(OK ′/M
b+1
K ′ )
× ∼= O×K ′/U
b+1
K ′ . (6.3)
Since the norm of u ∈ O×L is the determinant of the OK-linear map from OL to OL
defined by x 7→ ux, we have ρ(H˜) = H˜ ′.
As before we let E0(X) ∈ Zp[[X ]] denote the Artin-Hasse exponential series in char-
acteristic 0, and let ΛK : U
1
K → MK denote the inverse of the bijection from MK to
U1K induced by E0(X). Similarly, we have Ep(X) ∈ Fp[[X ]] and ΛK ′ : U
1
K ′ →MK ′. Let
u ∈ U1K and u
′ ∈ U1K ′ be such that
ρ(u+M
(b+1)pν
L ) = u
′ +M
(b+1)pν
L′ . (6.4)
Since Ep(X) is the image of E0(X) ∈ Zp[[X ]] in Fp[[X ]] we have
ρ(ΛK(u) +M
(b+1)pν
L ) = ΛK ′(u
′) +M
(b+1)pν
K ′ . (6.5)
Since ρ(H˜) = H˜ ′, it follows that for 1 ≤ k ≤ b, ρ induces a K-isomorphism from
ΛK(H ∩ U
k+1
K )/M
b+1
K onto ΛK ′(H
′ ∩ Uk+1K ′ )/M
b+1
K ′ . Therefore ΛK(H ∩ U
k+1
K )/M
b+1
K is
an Fpν -subspace of MK/M
b+1
K if and only if ΛK ′(H
′ ∩ Uk+1K ′ )/M
b+1
K ′ is an Fpν -subspace
of MK ′/M
b+1
K ′ .
Assume Fpν ⊂ K and let Zpν denote the ring of integers of the unique unramified
subextension of degree ν of K/Qp. Then ΛK(H ∩ U
k+1
K )/M
b+1
K is an Fpν -subspace of
MK/M
b+1
K if and only if ΛK(H ∩U
k+1
K ) is a Zpν -submodule ofMK . Hence we have the
following analogs of Corollary 5.9 and Corollary 5.10:
Corollary 6.1 Let K be a finite extension of Qp and let e = vK(p) be the absolute
ramification index of K. Let L/K be a totally ramified (Z/pZ)ν-extension with a single
ramification break b such that 1 ≤ b < e, and set H = NL/K(L
×). Let k be an integer
such that ⌈b/p⌉ ≤ k ≤ b− 1. Then the following are equivalent:
1. ij ≥ bp
ν − kpj for 1 ≤ j ≤ ν − 1.
2. Fpν ⊂ K and ΛK(H ∩ U
k+1
K ) is a Zpν -submodule of MK.
Corollary 6.2 Let K, L, e, b be as in Corollary 6.1 and assume that ν = 2. If K
does not have a subfield isomorphic to Fp2 let k = b; otherwise let k be the smallest
nonnegative integer such that ΛK(H ∩ U
k+1
K ) is a Zp2-submodule of MK. Then i1 =
p2b−max{b, pk}.
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